The photo-oxidation of cytochrome f (cytochrome c,54) in bundle sheath cells isolated from leaves of maize (Zea mays var. DS 606A) has been compared with that in intact maize leaf and in isolated pea leaf cells (Pisum sativum L.). In all cases, illumination with red light caused a negative absorbance change at 554 nm which was attributed to the oxidation of cytochrome /. The extent of this change was greater using monochromatic red light at wavelengths above 700 nm compared with wavelengths below 700 nm. 3-(3,4-Dichlorophenyl)-1 , l-dimethylurea abolished this difference in bundle sheath cells. After illumination for 1 minute or longer in bundle sheath cells, reduction of cytochrome f in the dark was rapid only if the wavelength of the illuminating light was below 700 nm. In the presence of 3-(3,4-dichlorophenyl)-1,1-dimethlyurea, reduction was slow after illumination at all wavelengths.
illumination for 1 minute or longer in bundle sheath cells, reduction of cytochrome f in the dark was rapid only if the wavelength of the illuminating light was below 700 nm. In the presence of 3-(3,4-dichlorophenyl)-1,1-dimethlyurea, reduction was slow after illumination at all wavelengths.
Cytochrome f photo-oxidation was also followed in cells of a mutant of Chlamydomonas reinhardi, ac-21, which has isolated chloroplasts that exhibit photochemical reactions similar to those shown by isolated bundle sheath chloroplasts. No evidence was obtained for photoreduction of cytochrome f in the mutant.
It was concluded that in the chloroplast of the intact bundle sheath cell of maize there is electron flow between photosystem II and cytochrome f resulting in photoreduction of the cytochrome.
The chloroplasts of plants possessing the Hatch-Slack or C4 pathway of photosynthesis (C4 plants) often show distinct differences in structure, composition, and photosynthetic activities compared to chloroplasts from plants containing the Calvin cycle (C3 plants) (7) . Several of the C4 plants, including maize, Sorghum, and sugar cane, are characterized by chloroplasts which show little evidence of grana development in the cells surrounding the vascular bundle. Chloroplasts isolated from these cells do not photoreduce NADP (1) (2) (3) 12) , even though they contain demonstrable photosystem I and photosystem II activities (1) (2) (3) important implications to the elucidation of the pathway of carbon in C4 plants and has been the subject of much recent debate (7) .
One approach to this problem has been made by Edwards et al. (6) , who have studied photosynthetic CO2 fixation in separated but intact bundle sheath cells isolated from leaves of crabgrass (Digitaria sanguinalis). We have used another experimental approach, namely, to study the effect of wavelength of the illuminating light upon the photo-oxidation of cytochrome f (cytochrome c.) in intact bundle sheath cells of maize as a means of obtaining evidence for electron transfer between photosystem II and photosystem I in the intact cell. The photo-oxidation of cytochrome f is associated with photosystem I (4), and, in chloroplasts which contain grana, the oxidized cytochrome is reduced by reductants produced in photosystem II. If there is also electron flow in the agranal chloroplasts of bundle sheath cells between photosystem II and cytochrome f, photo-oxidation of the cytochrome should vary depending on whether the light given is absorbed by photosystems I and II (<700 nm) or by photosystem I only (>700 nm). The photo-oxidation of cytochrome f in isolated bundle sheath chloroplasts of maize and Sorghum is independent of wavelength (1, 12) , but chloroplasts in intact bundle sheath cells have not been examined.
MATERIALS AND METHODS
Seeds of maize (Zea mays var. DS 606A) and pea (Pisum sativum L.) were germinated in moist vermiculite, and the seedlings were raised in a greenhouse. Leaves were harvested from 14-day-old seedlings. Intact bundle sheath cells were prepared from maize leaves by the method of Woo et al. (12) , and intact mesophyll cells were prepared by maceration (11) of pea leaves. The bundle sheath cells were not separated from each other but were essentially free of mesophyll cells (1 An analysis of the absorbance changes at 554 nm in the fully expanded portion of a maize leaf after ilumination indicated that, in the leaf, cytochrome f was reduced by photosystem II and oxidized by photosystem I. For instance, the magnitude of the absorbance change at 554 nm with 664-nm light, which is absorbed by both photosystems I and II, was 10% of the change obtained using 705-nm light of equal intensity, which is absorbed predominantly by photosystem I. Thus reductants produced in photosystem II were affecting the steady state level of oxidation of the cytochrome. The intact leaf, however, contains both mesophyll and bundle sheath cells, and the changes observed may have been (Fig. 3) . In contrast to maize bundle sheath cells, the low rate of increase in absorbance after illumination for a minute or longer at wavelengths above 700 nm was not seen. Light-induced Changes of Cytochrome f in a Mutant of Chlamydomonas. Chloroplast fragments isolated from the wild type cell of C. reinhardi can photoreduce NADP from water (9) . However, chloroplasts from a mutant of this organism, ac-21, show many of the same characteristics exhibited by chloroplasts isolated from maize bundle sheath cells. Chloroplasts from the ac-21 mutant do not photoreduce NADP although both photosystem I and photosystem II activities are present (9) . Also, like isolated bundle sheath chloroplasts, the photoreduction of cytochrome f in isolated ac-21 chloroplast fragments is independent of the wavelength of the incident light (8) . In wild type cells photooxidation of cytochrome f can be affected by varying either the wavelength of the incident light or its intensity. Figure  4 compares the photo-oxidation of cytochrome f as a function of the light intensity in wild type cells and in cells of the mutant ac-21. As the intensity of the 700-nm light illuminating the wild type cells is decreased the photoreduction of cytochrome from photosystem II becomes increasingly evident. In the case of the ac-21 mutant, there is no evidence of photoreduction of the cytochrome.
DISCUSSION
The site of cytochrome f in photosynthetic electron transfer is between photosystems I and II, the cytochrome being reduced by reductants produced in photosystem II and photo-oxidized by photosystem I (4). In illuminated chloroplasts isolated from maize or Sorghum mesophyll and bundle sheath cells, cytochrome f is oxidized, but in the case of bundle sheath chloroplasts there is no dependence upon wavelength of the incident red light (1, 12) . A parallel can be found in chloroplasts isolated from wild type C. reinhardi and the ac-21 mutant. Wild type chloroplasts, like mesophyll chloroplasts, show a wavelength dependence at the red end of the spectrum for cytochrome f oxidation, whereas chloroplasts from the ac-21 mutant, which like bundle sheath chloroplasts cannot photoreduce NADP (9) although photosystems I and II are present (8) , show no such dependence on wavelength. From measurements made on cells of C. reinhardi this same Jack of dependence on wavelength for cytochrome f oxidation appears to hold for the intact cell of the ac-21 mutant (Fig. 4) . However, in the bundle sheath cell the situation is quite different. There is a definite effect of wavelengths below 700 nm on cytochrome f oxidation compared with wavelengths above 700 nm. The changes observed are similar to those obtained with a suspension of pea leaf cells prepared by a technique designed to release mesophyll cells from dicotyledonous leaves (1 1 (10) .
